We used a monoclonal antibody (PSI) to a carbohydrate antigen to study the development of the oocyte and follicle during early stages of differentiation in several mammalian species. This antigen has been shown to localize within the cytoplasm of oocytes in primordial follicles as well as in growing oocytes. It is also localized within distinct layers of the zona pellucida (ZP) of developing follicles. Although this antibody was made against a specific ZP glycoprotein, the antigen also appears to be abundant in cells of the ovarian surface epithelium (OSE). The localization of this carbohydrate moiety has been observed in ovaries of rabbits of m e rent ages as well as in the ovarian surface epithelium of other mammalian species including cat, cynomolgus monkey, ba-1031
Introduction
The ovary is a highly differentiated organ whose development begins bcfore and continues after birth (1). Although many changes occur during ovarian development and during the early stages of oocyte growth, few studies have been carried out to describe the stages of development in detail. These studies have been, to a great extent, hampered by the lack of ovary-specific probes that could be used to follow the stages of differentiation of specified cell types within the ovary. The studies are further complicated in that the stages of ovarian development occur at different periods prenatally and postnatally in different mammalian species (1, 2, 4, 16, 18, 29) . The zona pellucida (ZP) glycoproteins are the first proteins to be identified which are expressed initially by the oocyte early in follicular development (18, 19, 29) and later by the differentiating follicle cells (15, 29) . Therefore, the individual antigenic determinants associated with these molecules provide excellent markers with which to study the early stages of follicular development.
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Extensive immunocytochemical studies (8,21) have been carried out in our laboratory with a variety of polyclonal antibodies made in different animal hosts to solubilized ZP proteins isolated from ovaries of a number of animal species. Although these studies have been helpful in outlining aspects of follicular growth and in supporting biochemical and immunochemical analyses of zona structure, they told us little of the role played specifically by the carbohydrate moieties of the ZP glycoproteins.
A recently characterized monoclonal antibody (MAb) has been prepared by immunization of mice with a chemically modified porcine ZP glycoprotein purified by high-resolution two-dimensional gel electrophoresis (24). The antibody (termed PSI) identlfied from this preparation has been shown to be associated with the carbohydrate moiety of multiple ZP proteins of several mammalian species (15, 25) .
Beginning with the rabbit ovary, already well studied at a variety of growth stages (8, 21, 29) , our laboratory has begun to evaluate the expression of this carbohydrate antigen during ovarian development and during follicular differentiation. These studies have been extended, utilizing an extensive collection of embedded ovaries obtained from a variety of animal species and sampled in previous ZP studies (8, 21) , to demonstrate that the antigenic determinant recognized by this MAb is not a ZP-specific antigen because it is also associated with the "germinal epithelium" or ovarian surface epithelium (OSE) of rabbit, cat, monkey, baboon, and human ovaries.
Materials and Methods
Antibody Production and Characterization. The antibody described by Timmons et al. (24) was used in the immunocytochemical localization studies. Briefly, IgG was purified from mouse ascites using routine methods (9). Myeloma cells (P3U1) were fused with spleen cells derived from mice immunized with a portion of an electrophoretically purified porcine ZP glycoprotein (7, 23) . IgG was purified from mouse ascites resulting either from inoculation with P3U1 myeloma cells alone (used as a negative control antibody) or from inoculation with the hybridoma cell line previously described elsewhere (7,23). The resulting MAb was characterized with enzyme-linked immunoassay and immunoblotting procedures (23). It was shown to be associated with all three of the porcine ZP proteins and has been further shown to be associated with an N-linked carbohydrate containing a lactosaminoglycan structure (22, 25) .
Acquisition of Tissue. Adult cat ovaries were donated after spaying of the animals by Neutercorps Pet Vet Animal Hospitals (Houston, TX). Rabbit ovaries were obtained after humane euthanasia of laboratory animals under veterinary supervision and according to appropriate guidelines. Cynamolgus monkey ovarian tissue in frozen OCT blocks was sent to our laboratory by the California Primate Research Center (UC Davis, Davis, CA) after natural death of the animals at their facilities. Baboon tissue was similarly prepared with specimens taken during surgery done at the Southwest Foundation (San Antonio, TX). Human ovarian specimens were provided by Drs. L.R. Malinack and J.M. Wheeler at The Methodist Hospital, Houston, Texas, from tissue that would have been discarded after surgery performed for medical reasons. Informed consent was obtained from patients according to The Methodist HospitallBaylor College of Medicine Institutional Review Board protocol.
Immunocytochemical Localization. Human and cat ovarian tissue was embedded and immediately frozen in OCT Compound (Miles; Elkhart. IN). Cryostat sectioning followed, using a MinotomelMicrotome Cryostat (IEC). Sections (4-8 pm) thus obtained were fixed in 10Oo/o methanol for 10 min. blocked in %-buffered saline (TBS) (pH 7.5) containing 2.5% (wlv) Brij-35 (Sigma; St Louis, MO) and 6% (wlv) Carnation non-fat dried milk. Blocking took place for 30 min at 37'C in a moist chamber and was followed by brief rinsing in TBSlBrij. Incubation with MAb PSI was done in a moist chamber for 30 min at 37'C (control sections were treated with IgG isolated from myeloma cell ascites fluid). This was followed by rinsing in TBSlBrij and application of the secondary antibody under the same conditions. This antibody (peroxidase-labeled rabbit anti-mouse Ig) (Dako; Santa Barbara, CA) was diluted 1:50 in blocking solution before application and was followed by washing in TBS and by subsequent treatment with a solution of 3,3'-diaminobenzidine (Fisher Scientific; Fair Lawn, NJ) consisting of 50 mg free base/100 ml TBS containing 0.003% hydrogen peroxide at room temperature.
Rabbit and cynomolgus monkey ovarian tissue was similarly prepared and treated. Morphology was improved, however, when rabbit tissues were minced fine, fixed in 1% glutaraldehyde for 1 hat room temperature, washed several times in chilled PBS, dehydrated, and embedded in Epon according to the manufacturer's instructions. Plastic embedment was followed by sectioning at 1-3 pm on an MT-2 Ultramicrotome (Sorvall). Mounted sections underwent a brief(15 min) etching in sodium ethoxide/ethanol (1:l) and light trypsinization (2.5% sucrose treatment followed by incubation in 0.0001% trypsin (Sigma) for 30 min at 37"CI. Blocking, antibody treatment, and signal development proceeded as described above.
Photography. Photographs of stained sections were taken using a standard Nikon Labophot binocular microscope fitted with a Nikon AFM camera attachment on which was mounted a Nikon M35S 35-mm camera. Kodak Pan-X film was used and was developed and printed in the laboratory using routine procedures. Figure 1 demonstrates the localization in plastic-embedded samples of the PSI antigen in the oocyte cytoplasm of early primary and growing ovarian follicles of the rabbit (Figures 1B and 1C) as well as in secondary and tertiary ovarian follicles (Figures 1B, IC, and IF). Although there was little, if any, detectable antigen in the inactive primordial follicles, as indicated by the arrows (Figure ID) , the antigen was expressed in the cytoplasm of the actively growing oocytes of the primary and later stage follicles ( Figures 1B-1F ). It should be noted that whereas staining of the larger growing follicles ( Figures 1B and IC) suggested that both the inner and outer surfaces of the ZP possessed the antigen, the staining present in the antral follicle ( Figure IF) showed detectable antigen only on the inner surface of the zona. In addition, in the larger follicles this antigenic determinant appeared within the oocyte cytoplasm.
Results
Those granules appeared to enlarge as the oocyte underwent growth and maturation and were most distinct in the oocytes of large antral follicles ( Figures 1F and 2A ). The binding of the antibody suggested that this antigenic determinant was associated with proteins that are highly organized within the ZP matrix ( Figures  1B-1D and 2B) and that this antigen may vary quantitatively in these different layers.
The specific localization of this antigen in the early stage oocytes of the cat ovary ( Figure 2 ) and the discrete localization in the oocyte cytoplasm of the growing cat follicle is similar to that seen in the rabbit. Whereas the fixation and embedment (frozen section) used for the cat tissue ( Figure 2 ) may have resulted in the preservation of different or additional antigenic determinants from those appearing in rabbit tissue (plastic embedment) ( Figure I) , and although these may prove instructive in further studies of ZP assembly, it is also true that frozen sectioning allows acertain amount of inherent distortion in large, rigid structures such as the fully mature antral zona ( Figure 2B ). Hence, its ruffled appearance must be regarded as artifactual, whereas its uniform staining suggests retention of the antigenic determinant even into the latest growth stages of the follicle. Control antibodies, including P3U1 ascites IgG (Figures 1A and 1E) or IgG from MAb made to non-ovarian antigens, were negative in all cases.
Initial immunohistochemical staining has consistently suggested that the apical portion of ovarian surface epithelium contains the antigenic determinant recognized by the PSI antibody (Figure 3) .
Further investigation is ongoing to substantiate this localization.
However, at the light microscopic level, the cells of the surface epithelium of the baboon ovary ( Figure 3A) and of cynomologus monkey ovary ( Figure 3B) exhibited an equivalent level of staining and pattern of localization to that observed in the rabbit ovary ( Figure   3C ). Staining in the human ovary in frozen section (Figure 4) was granular, but was less distinct than that seen in the other mammals sampled, although this observation could be d u e to the fact that samples of human tissue were available only i n OCT blocks prepared for frozen section.
Discussion
These studies are the first to report an antigenic determinant that is associated with the zona pellucida b u t which is not a ZP-specific fs antigen. Furthermore, this antigen is shown to be associated with both the oocyte and the ovarian surface epithelium. These observations are of further interest in that this antigenic determinant is associated with a carbohydrate antigen (22.25). To date, this is the first ZP antigenic determinant that has been found to be associated with any cell type other than the oocytes and granulosa cells. It is well established that the oocytes secrete distinct ZP proteins at various stages of ovarian follicular development (15.25.29). Whereas these glycoproteins appear to be secreted by the oocyte as well as by the granulosa cells in the rabbit (15.29). the antigenic determinant identified in this study is predominantly associated with the oocyte. When this antigen is incorporated into the ZP extracellular matrix it appears to be organized into distinct layers, resulting in varied intensities of staining within the matrix. Moreover, in the rabbit, consistent changes are noted in staining pattern with stage of follicular growth from single rings and then to a sing1e inner surface ring at the stage. These Observations suggest that this antigen is associated with a molecule that is important in the extracellular assembly of the ZP glycoprotein matrix. In addition, the intense signal development in the OSE of the rabbit ovary as well as in the monkey, baboon, and human ovaries identifies potentially the first specific antigenic determinant that can be used to study the molecules associated with the ovarian surface epithelium.
the supporting somatic elements of the developing ovary remain a topic of investigation and controversy. Certain considerations are relevant to the observations outlined in this study. During gonadal and germ-cell differentiation, two major groups of somatic cells have extensive and similarly intimate contact with the primordial germ cells. These are cells of coelomic epithelial origin and cells of mesonephric origin (26). These cells are thought to play some possibly inductive or permissive role in the mitotic and meiotic activities of germ-cell differentiation (26.28). The same two cell types have been implicated in follicle-cell differentiation. Both are present in the surface epithelium and in the sex cords by the conclusion of cortical differentiation and up to the period of follicle formation (6,26). LM, E M , and SEM evidence strongly suggests that both cell types, one deriving from the coelomic epithelium and one from the mesonephros via the rete blastema, may comprise the follicular cells that surround and influence the growth and development of the oocyte (26).
The present studies demonstrate localization by an MAb specific for a carbohydrate antigen of the ovarian follicle, which antigen is also present in the apical region of the cells of the OSE. Because this antigen is associated with the carbohydrate moiety of different ZP glycoproteins (22,24), it is likely that the proteins with which these carbohydrates are associated in the two cell types are distinct. This assumption is reinforced by observations that antibodies to ZP proteins do not recognize the OSE (Skinner and Dunbar, unpublished observations) . This antibody will provide a probe to study the assembly and organization of the ZP matrix during the early stages of development of the ovarian follicle. The use of this antibody to study antigens of the oocyte and the OSE can now be extended to further probe the derivation of coelomic epithelium and its relationship to ovarian development.
